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Description 

The present invention relates to the wet spinning of meta-aram*d polymers or co-polymers containing at least 25 
mole percent meta-aramid (with respect to the polymer) from solutions containing in excess of three (3%) percent 
5 weight saJt. 

BACKGROUND Q F THE INVEMTiQN 

Commonly meta-aramid polymers useful for spinning fiber are obtanied from the reaction, in a soh/enl. of a diainind 
10 and a diacid chloride, typically isophthaloyt chloride. This reaction produces hydrochloric acid as a byixoduct. Gener- 
ally in manufacturing, this add by-product Is rreutralized t>y the addition of a basic corr^pound to form a salt Depentfing 
on the selection of the basic compound and the polynnerization soivent the salt formed on neutraiization may be insol- 
uble in the polymer solution and therefore precipitate out of the solution, or the salt may t>e solutile as a salt-polymer 
and/or salt sohrent complex. Thus, spinning solutions are l^nown which range from salt-free to having a relatively high 
t5 concentrations of salt. For example tf no salt is removed from the typical meta-aramid, t>a&e neutraftzed polymerizdton 
reaction solLition (approximately 20% by weight polymer solids), the salt concenUeitons in the polymer solution may t>e 
as high as 9% by weight 

There is an advantage to directly spin polymer synthesis solutions containing high concentrations of salt Although 
salt content is known to be bene! ioiai in the spinning solution as a means to increase polymer solution stability, the wet 

SQ spinning of meta-aramid polymer from solutions containing concentrations of three percent (3%) or mare by weight salt 
has generally resulted in f bars having poor mechanical and other physical properties. In practice wet spinning of meta- 
aramid f^rs having acceptable physioaS properties was accomplished from salt-free polymer solutior\s or from polymer 
solutions containing low concentratiorYS of salt Polymer solutions containing low concentrators of salt are those solu- 
tions that contain no more than 3% by weight salt TTiere are teachings of wet spinning processes from high salt con- 

25 taining solutions, but in order to develop acceptable mechanical properties in ihe fibers produced from these processes, 
the f i^er must be subjected to a hot stretch. 

In one method to produce a low salt spinning solution, the polymerization is carried out with at least tMuo additions 
of the diadd chlorida The polymerization is Initiated by the addition of an amount of the diacid chloride that is less than 
required for complete pdymerization of the diamlna Anhydrous ammonia is typically added to this polyrnerization reac- 

90 tion solution while the solution viscosity is still low enough to allow the separation of a solid phase from the solution. The 
anhydrous ammonia neutralizes the hydrochloric acid that has formed as a result of the polymerization, forming ammc^ 
nium chloride, wvhich is insolii)le in the polymer solution arxJ m^ be removed. Additional diacid chCoride may then be 
added to the reaction solution to complete the polymerization. Acid resulting from this second phase of polymerization 
may t>e neutralized producing a low concentration of salt in the polymer solution that is used for spinning. 

35 Salr^ree polymer can be made by renmval of hydrochloric acid from the reaction solution or by the removal of salt 
tam a neutralized reaction mixture^ but the processing requires a number of steps and additional economic investment. 
8Qlt-fi«a spinning solutions may be spun whhout the addition of salt, or salt can be added to some spedfioaUy desired 
conoentnrtion • 

As noted above, prior art taught wet spinning processes for low salt arxj even high salt containing spin solutions: 
40 however, these processes required hot stretches to provide a product with acceptable mechanical properties. In partic- 
ular, some substantial amount of hot stretching and f t^er crystallization was required in these processes to provide 
mechanical integrity to these wet spun fillers. 

Tne hot stretching necessary to develop mechanical pioperties in the fbers also causes limitations in fiber use. It 
is known in the art of spinning aranW fibers that exposing ttie f ber to temperatures at or near the pdymer glass transi- 
ts tion temperature, produces some degree of cry8taHization. Whtile crystallizing the fiber improves certain phy^cal and 
mechanical properties, it cai^es the fber to be especially drfiicult to dye. These crystallized (hot stretched), difficult to 
dye fitters are limited in their use in textile applications. Until the development of the present invention ,rt has rut been 
possible to produce wet spun meta-aranrdd fibers having excellent physical properties and inpmved dyeabBity. 

The difficulty in produdng meta-aranwJ fibers from wet spinning of salt-containing apin solutions is evident in the 
50 earlier patent literatiFe. Fbr eocampla IXS. Patam No. 3,068.1 8d to Beste. at al. suggested that fibers could be spun by 
either wet or dry spinning processes, t)ut did not disclose any process for wet spinning. Fibers produced by wet spinning 
polymer solutions containing high concentrations of salt were g^erafly characterized by the presence of large voids* 
TTiese voids affected the ability of the fiber to be effectively drawn. On drawing, void-containing fibers were not only sub- 
to a greater degree of fiber brealcage. but those fibers that were »jccessfu!ly drawn developed mechanical proper- 
55 ties wh^h were much tower than the properties tiiat could be developed in dry spun f !l>erB or in fibers which were wet 
spun saft'free polymer solutions. Dry spinning and wet gunning from salt free polymer solutions are methods known to 
produce fibers that are free of terge voids. 

The deficiencies of fibers produced by wet spinning t>e1bre the process of the pres^ inv^ttion are evidenced by 
U.S. Patent Na 3,414,645 to Morgan which taught the cKlvantages of the air-gap (dry-jet wet) spun, vofd-fr-ee fh0f over 
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that of a wet spun fiber: by US- Patent No, 3,079,219 to King which taught that a calcium thiocyanat© containing coag- 
ulation bath was roquired to iirproved the strength and produce serviceable wholly aromatic, wet spun pdyamlde f toers 
and by U.S. Patent Na 3,642.706 to Morgan which taught the Incorporation of a wax into the polymer spinning solution 
to improve physical properties of wet spun meta-aramid fiber. 

5 Staged wet di^ combined with hot stretching vras taught in U.S. Patent Na 4.842,796 to Matsul et al. fer fibers 

produced primarily from salt-lree spinning $o!ut1ona Japanese Patent Publication Kbkai 4B-1435 and Kb toi Sho 48- 
19818 taught the combination of certain saltfeoJvent ratios in the coagulation bath coupled with hot fiber stretches to 
crystallize the fiber. Japanese Patent Publication Kokoku Sho 56-6844 taught the combination of two coagulation baths 
to exhaust solvent from ihefiber followed by conventional drawing and hot stretch crystallization to produce sintable wet 

10 spun fiber from polymer spinning solutions having high salt concentrations. 

The present inventton provides a process by which poiymer solutions rich in salt rray be wet spun and lully wet 
drawn In a single stage to acNeva desirable and useful mechanical properties without the need of a hot stretch and fiber 
crystalUzaHon. The ftoer produced by the present process is more aaslly dyed to deep shades, ine fiber made from the 
process of the present Invention may, optionally, be heal treated and crysla»ized lo produce properties required for 

15 industrial and other high performartce applications. 

g^fMMARY OF THE iNVENTIOli 

This invention provides a process for wet spinning a meta-aramid polymer from a solvent spinning solution contain- 
2Q ing concentr^ns off polymer, solvert. water and more than 3% by weight (based on the total weight of the solution) 
salt comprising tha steps of; 

(a) coagulating the polymer into a fiber in an aqueous coagulation solution in which is dissolved a mi)dur© of saH 
and solvem such that fte concentration o» the solvent is from about 1 5 to 2S% by weight of the coagulation solution 

£5 and «ia concentration of the salt is from about 30% to 45% by weight of the coagulation solution and wherein the 
coagulation solution is maintainBd at a temperature from about 90* to 1 25*C; 

(b) removing the fiber fnDm the coagulation solution and contacting It with an aqueous conditioning sdufion corrtaln- 
ing a mixture of solvent and salt such that the concentrations of solvent, salt and water are d^lned t>y the area 
shown in Figure 1 as bounded by cooidlnates W, X, Y and Z and wherein the conditioning solution is maintained at 

30 a temperature of from about 20" to 60^C; 

(c) drawing the fiber in an aqueous drawing solution having a concentration of solvent of from 10 to 50% by weight 
of the drawing solution and a concentration of salt of from 1 to 15% Isy weight of tie drawing solution; 

(d) washing the fiber with water; and 

(e) drying the fiber. 

3S 

The concentration of salt in the spinning solution is at least 3% by weight. ConcentiBlione of ealt ma y be as high as 
allowed by Kmitations of spin solution viscosity. Salt concentration of more than S% are preferred; concentrations of 9% 
are most prefenred. 

Before washing, the coagulated and conditioned tber from the present process may be wet drawn In a single step 
40 to produce a f a>er havirig physical propertiee thai are equal to fibers produced by other Known processes requiring both 
staged wet draw and/or hot stretching. 

The drying step preferably is carried out at temperatures and times suff iciem to remove water from the f ber without 
inducing substantial crystallization of the polymer. Preferably the drying temperature is about 125**C. 

Opiionaliy, the fiber can be heat treated at a temperature, generally near the glass transition temperature of the pol- 
45 ymer, and for a time sufficient to essentiaUy orystaflize the polymer. 

In a oortftiuous process such as moel oonwnercial processes, the salt content of the fiber provides suffident salt 
concentration for fine drawing solution. There Is no requirement to add additional salt, but additionai salt may be added. 
Idealty the total concentration of sah is preferably not more than by weight of the drawing solution. 

In wet drawing the fibers of the present invention, draw ratios of from 2.5 to 6 are preferred. Fibers produced by the 
so process of the present invention have a tenacity of yeatec than 3.3 decHex per filament (3 gpd) and an elongation at 
break of from ig io85%. 

RRIgF DESCmPTION OFTHE DRAVWMGS 

55 Rgure i shows compositions of coagulation solutions, regions bounded by co-orcfinates A,C. D and B and E. H G 
and F of prior art and the conpositions of the oonditfoning sokifions of the present inventk^. the region bounded by co- 
ordinates W. X. Y and 2. 

Rgure 2 shows cross sections of ftoer shapes wet spun and concftioned according to the process of the present 
invention. Figure 2a shows f ber cix>ss sections following conditioning; f^igure 2b shows fiber cross sections following 
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wet drawing, washing and crystaPJzaton. 

Figure 3 shows fibers of the presertt irwerrtion having modified ribbon and trilobal cross sections. 

Figure 4 shows a diagmm of the process stdps and techniques that may K>e used in the practice of the present 
invention. 

5 

DETAILED DESCRIPTiON 

The term Vet spinning" as used herein Is defined to be a spinning process In which the polymer solution is 
extruded through a spinneret that is submerged in a liquid coagulation bath. The coagulation bath is a nonsolvem lor 
io the polymer. 

The term hot stretch or hot stretching as used herein d^ines a process in which the fiber is heated at temperatures 
near or in ewjess of the glass transition temperaiura of the polymer, (for poly(m-phBny1ene isophthaiamide). for exam- 
ple, a temperature near to or in excess of 25CrC) while at the same time the fiber is drawn or stretched. The drawing is 
typically accomplished by applying tension to tlie fiber as H moves across and around r^JIs trav^ng at different speech. 
T5 In the hot stretch step fiber is both drawn and crystaHized to develop mechanical properties. 

Polyfnvphenylene isophthaiamide). (MPD-1> and other meia-aiamicis may be polymerized by several basic proc- 
esses. Polymer sohittons fbnned from ihese processes may be rich in salt, sail-free or contain low amounts of salt Pol- 
ymer solutions descnbed as having low amounts of saH are those solutions ttiat oontain no more than 3.0% by weigtil 
salt. Any of these polymer solutions may be wet spun by the process of the present invention provided that the salt con- 
so tent either resulting from the polymerisation, or from the addition of salt to a sett-free or Iwr salt-containing solutiorip is 
at least 3 % t^y weight. 

Salt contartt In the spinning solution generally results from the neutralization of by-product add fermed in the 
polymerization reaction; but salt may also be added to an othenwise satt-free polymer solution to provide the salt con- 
centration necessary for the present process. 

25 Salts that may be used in the present process include chlorides or bromides having cations selected from the group 
consisting of calcium. Uth!um» magnesitjm or aluminum. Calcium cNoride or IHhium chloride satts are prefen'ed. Tlie salt 
may be added as the diloride or bromide or produced from the neutralization of by-product acid from the pdymerizaticn 
of the aramid by adding to the polymerization solution oxides or hydroxides of caidum. lithium, magnesium or alunii- 
nun. The desired salt concentration may also be achieved by the addition of the halide to a neutralized solution to 

30 increase the salt content resulting from neutralization to that desired tor spinning, tt is possible to use a nurture of salts 
in the present invention. 

The solvent is selected from the groi^ consisting of those solvents which also function as a proton acceptors, for 
example dimethylforamkJe (DMF). dimethylaceian*le (DMAc). N-melhyl-2-pyrrolidone (NMP). Dimeihyl sulfoDdde 
(DM80) may also be used as a solvent 
35 The present invention relates to a process for the production of fibers made of aramidB containing at least 25 
mole% (wfth respect to the polymer) of the recuiring structural unit having the following fornula 

[-CO-R'-CO-NH-r2-nh-J. (0 

40 The and/or In one molecule can hai^e one and the same meaning, but they can also differ in a molecule within 
the scope of the definition given. 

If arxi/or Stand for any bivalent aromatic radicals whose valence boncte are In the mela-positlon or in a com- 
parable angled position with respect to each other, then these are mononuclear or polynuclear arorrotic hydrocartxjn 
radicate or else heterocydic-aromatic radicals which can be mononuclear or polynuclear. In the case of heterocyclio- 
4S aromatic radicals, tfiese e^edaUy tiave one or two oxygen, nitrogen or sulphur atoms in the aromatic nucleus. 

Pblynuclear aromatic radicals can be condensed with each other or else be linked to each other via C-C bonds or 
via bridge groups such aa for instance. -0-, -CHj-. -CO- or SQz-. 

ExaryY>lee of polynuclear aromatie radicals whose valence bonds are in the meta-position or in a comparable 
angled position with respect to each other are 1 .B-naphthylene. 2.7-naplithylene or d.4*-biphenyldiyl. A preferred exam- 
50 pie of a mononuclear aromatic radical of this type is 1 .3-phenylene. 

In particular It is preferred that the directly spinnaWe potymer solution is produced which, as the fbar-tbrming sub- 
stance, contains polymers v^m at least 25 mole % (with respect to the polymer) of the above-defined recurring struc- 
tural unit having Formula I. The directly spinnable polymer solution is produced by reacting damines having Formula II 
with €ficait)Oxyfic acid dlchlorides having Formula III in a solvent: 

55 

dOC-B^-COa (HI). 
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7b© preferred msta-aramid pdymer is MPD-I or coiDolymere conteinJng at feast 25 mole % (wiUi respect to the pol- 
ymer) MPD-I. 

Ahhough numeiTDufi combinations of salts and soJvente may be successfully used in the polymer spin solutions of 
the process Of the present invention, the combination of calcium chloride and DMAc is most prefen^ed. 

5 The present process may be used as a continuous process to rrolce fiber. An example of a continuous process is 
shown in the <fiagram of Figure 4. The polymer spinning solution is pumped from a dope pot (1) by a feed punp (2) 
through a flter (3) and into and through a spfnneret (4). The spinneret extends below the surface of a coagulation solu- 
tion which Is temperature controlled in the range of from 90 to 125«C. The coagulation solution of the presem process 
vwil produce fibers that can t>e successfully conditioned even If the bath is maintained at temperatures which exceed 

10 125»C. Practically, although not theoreticany, the coagulation bath tempemture is Bmited to an upper operation tenper- 
ature of about 135*0 for the DMAc solvent system since at t^npeiBlures In excess of 135*'C solvent loss genei^ 
excee<te the cost efficiency of solvent replacement and /or recovery. The coagulation solution is housed In a coagulation 
bath (5) (sometimes caUed a spin bath). The fiber bundle fbnns In the coagulation bath and edts the bath on to a first 
roO (6). As the fiber bundle moves on to the surface of the ron, it is contacted by a conditioning solution. The conditioning 

13 solution can be sprayed on the indh^ual fibers (7) or applied by a Jet e)drBcCion modiie (sometimes called a mass 
tmnsfer unit) or a combination of spray and |et extraction. When a jet exlracbon mockile Is used the fnBt rolls may be by- 
passed. 

It is of primary fmportance that the conditioning solution contact each individual fiber in the fiber bundle in order for 
the solution to condition the fibers for proper drawing. 
A> Hber exiting the conditkining treatment may be drawn. The fibers may be wet drawn in on© etep using a drawing 
solution that contains water, eait and solvent; the solvent concentration is selected so that It is less than the solvam con- 
centration in the corxllfoning solution. The fibers may be drawn using two sets of rolls (8) and (10) with the draw bath 
(9) situated in between the sets of rolls. The draw bath may be replaced by jet extraction modufeSi far exanple. as 
desgribed in U.S. Patent No. 3.353,379- The speeds of the rolls at the entrance of the diaw bath and at the exit of the 
ss draw bath are adjusted to give the desired dmw ratia The present process can achieve draw ratios as high as 6. The 
concentration range of the drawing solution Is 1^ weight percent 10 to 50% DMAc. The concentration of salt can be as 
high as 25% by weight of the drawing solution. There will be salt present In tiie solution since salt will be removed from 
the f a>er by contact with the drawing solution. The prefen-ed concentration of sait In the drawing solution is about 4%. If 
it Is desired to increase the salt content above tWs leveJ sustained by the totaf process, additional salt may be added. 
50 The temperature of the drawing solution is maintained from 20 to BO'C The wet draw may be done in a bath or by usirig 
jet extraction modules or by any other technique thai sufficiently wets the f ibera. 

After drawing the f fcer Is washed with water In the washing section (1 1). The malhod used to wash the fibers fa not 
critical, and any means or equipment may be used which will remove the solv^ and salt from the fiber. After washing 
the fiber may be dried (12) and then processed for end use appiicationB or the fiber may be dried and then subjected to 
^ additional heal treatment to cause crystalK^ation by passing the fiber through a hot lube (13). over hoi shoes (1 4 and 
15) or over heated rolla The fiber is ^fplcalty dried at about 120 to 125^ and crystallized at tenperatures which are 
greater than the glass transition temperature of the polymer. For MPD-r, the heat treatment necessary to achieve sub- 
slantial erysiallizatron requires temperatures equal to or in excess of 250*C. The present process does not require a hot 
stretch to develop high tenacity ffters. thus the fiber speeds may be maintained at a constant rate from the exit of the 
^0 dmw bath through the finishing bath (1 6). 

Since the ftoers of the present Invention are dried at temperatures significantly below the glass transition tempera- 
ture of the polymer, the resulting fibers remain rn an essentially amorphous state. By heat treating the fibers above the 
glass transition ten>pemtire. tiie ftoers may be crystallized. Crysiainzation increases the densihr of tie fbers and 
increases the heat stat>3ity reducfng the susceptibi% for shrinkage, 
45 ft is well Known that both amorphous and crystalline meta>ammid fibers are difficult to dye. when compared with 
traditional textile fibers such as nylon or conon. However, when anrwrphous end ciystanine aiamid fibers are ooir^ared 
the fi>ers having a greater degree of polymer orystaliinity are the more difficult to dye. Wet ^ning processes taught 
to date have required hot stretching to achieve nf>echanicaJ properties, i.e.. rncreased tenacity, sufficient for textile use 
A parlicuiarly useflil aspect of the present invention is the abiOty of the process to produce amorphous fa>©r© which have 
50 tenacities in the range of fully crystalliMd fiber, while at Ihe sanre time providing a fiber which retains tiie dyeabilily 
wMch characierisf c of a fuDy amorphous ffcer. TTie higti tenacrty fibers of the present invention may be pigmented or 
othertvise colored first followed by crystaliization so long as the means off providing color to the fi>er is stable at the crys- 
tallization tempenalure and win not contribute to a degradation of the fibers. Off oouf«e. fibers made by the present proc- 
ess may sinply be crystafteed to produce a fiber having mechanical properties and inv»roved resistance to heat 
5? shrinKage for industrial appllcationSu 

The present process develops in the coagulation, conditioning and drawing steps a fber that is easily dyeable by 
conventional aramid dyeing processes. Sfrice no heat treatment other than drying is rec^iired to perfect good physical 
properties, the f ftjer need never i>e altered by heating so as to Irrpalr its dyeabirity. 

Critical to tf^e present invention rs the concfitioning step for the f tier, whfch foUou^ immeCBately the coagulation step. 
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composition of these secondary baths oo^aJS^ff Z^^"^ conditioning step, the function and 

endary coagulation baths atteJptn.S^^^ iefS^^^^^ 
s solvent ftom the fiber, and are ^erefore 

or series of such coaflutetion baS to d2^ ?f *^f»^" "^^ of theloafluleS^ 
in solvem content aeiiver at the bathis edt a fUHy coagulated and consolidated fiber whidi is low 

con^^oTS'siriisrfi^'s^iLiT^^ 

» ands«vo«enlvsolvent8labllizedin"^y3^^^ 

BPtmrt. saH and «ater that at the ^Siur^^ coordinates define conWnaBons of 

« '-malnaplas.ci.edpo.ymerf.t^J^SSS^^SfSSTfS^ 

^rt are those concenirafiSns dJSdTthe^li.^ SSS bv^^. ««9^aton beth concentrations ofllapZ 
g^--secondooag^..«tSUrr«,:rr^^^^^^^ 

voidsform inff,ef7er. ^r^^^SZ^teXS^nS^^^ ooagulated fiber, and even thoc^h macro- 
« 2a Hlust.ates fibers P~ducS^ R9«i« 
TCC are eiipiical in^^Bp^^^^'S^tf!!^ ^ « tenverahires greater 5«n 

below about 19% and ai a comSSl^S<? ^r^O^^^ "^"^ concantralions 

through thefber structure. Thus bv cMou^aZn Tr^^!^^. T** *" ^ dispersed 

distribution ina plastidzepSSSTie^jS^^^,*^ 

at tenperatures well b^S^X^^ J^^S^i^r^ drawn and the voids eBminated 

tanned by the present process tZy^^T^^^^^^^^Z.^.^'T" 2b. The fiber that is 
a*i««d by oonvarrtio.^ dry spin^inj SocS or SJtfS weT^^r^lr^ *at are equal to those 
andfer hot stretches. fw-cewes or acnieved by wet spinning preosssas that requtre staged diaws 

heated at temperatures near the 9iaStSite,?e^i?in3^^ 
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TESTMETHQDg 

Inherent VTscosity (JV) I'e defined by the equation: 
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A polymer spfrmino sotutien was: nrar>3i*.^ s-. 

«. ^T" ""^^ '"^ectty introduced inS^feZl"liL'!r*^':f^^ «as cooled to about -Sc' 

« ;?'«><rf32 andproportionedtegiCea ho^l^l of12So ^"i:?" "^'hanBer having a IftnglhtoL^S 
to a neuUBHrer into which *as Lo ^oSSSsi^Sj^ ^luelff^TcrnSSj 

TTw solution was placed in a dODeoat a^nri hl^LS^ *^ '^'^ was 70.7% by wetohL 

and filter thixjugh a spinneret »iaviS^h^2f ^^^^^ approximately so^c and then led bywJofa n^^^ 
- *r«c«y into a ooaguStion mHa) d/ameter. The ^nS'nJS.SiSn'^SSS 

«»9^^7,;^^waan«i„,ainedatZ?l^.^' an<* 45l^i??S 

The faamenls exftng the se^nTranl^ llf ^ conditonhg solution was « 36«C ™ « 

J^nfc^SZrS^I^^^ coagula^onbath. t^ati. wnt^ 

To ^r^Z* P»V«'«'P^eS^iJo^ST^J2:^ majority Of mefibe^ 

w c. rrcpeclively. There was no atretching of the ni:>«ZZ,^-^ ^ temperatures of 400" 340- Md 

25.7% and a modulus of 905 dN^ex (ioe.2 *^ OP«l). an etonoation at breaklf 
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a jet eidraction module: the first ran by^fiassed. 

«f ftJlf*^^^ ^ ^"^ crystallized as described In Exarrple 1. TTie resuHing physical DmDerli«i 

ofJ.« fiber was a lenacrty of 6.3 dN/tex (S.9 gpd). an etonflafion at break of Z% and a rJTfSiSrdSSfSS 

EXAMPLFj 

^hr^^if™ "7*.^^ !f ''^ ^^"Vl^ 1 «c«Pt that concentrations off the various solutions were those 

to ^S^i JS^ ' .t^J^ ^"^"^ resulting fibers were measured and are sho««i in^n "Sie 
f^-^ "^2^ ^i*^ ^ continuous process are identified in Figure 4 and In the Detailed Defi«riDtion 

InventKm atoova The speed of the io«s Is given in metei^ per hour (feet psr minu^ ^esaiption of the 



lABLEi 



15 



£0 



ss 



COAGULATION 



SAMPLE 


%DMAo 


%CACL2 


%H20 


TEMP.^C 


ROLL 1 MPH(FPM) 


A 


15.1 


39.7 


45.2 


111 


329.2(18) 


B 


16.9 


38w8 


44.4 


109 


BYPASSED 


C 


17.7 


39.5 


42.d 


108 


BYPASSED 


D 


lae 


41 


39.2 


111 


219.5(12) 


E 


20.6 


41.2 


38^ 


110 


261.5(14.3) 


F 


17.6 


3a9 


43.5 


110 


BYPASSED 


G 


20.0 


40.0 


40.0 


110 


329.2 (IB) 


H 


T8.5 


40.1 


41.3 


110 


BYPASSED 


1 


18.7 


41.7 


39.6 


110 


329.2 (18) 


J 


16.3 


3&5 


44,7 


109 


BYPASSED 



fiber GanpfeeA-J 



40 



3 
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TABLE la 



SAMPLE 
A 


%DMAc 


CONE 
%CACL2 


^mONlNG 
%H20 


TEMP,«C 


ROLL 1A 
MPH(R»M) 


B- 
C 
D 
E 

G 
H 
1 

J" 

TARt R la . 


4M 

46.3/49 

49.3 

44.5 

46.1/46.2 
40.2 
44«6 
413 

52.4/53.7 1 


9.51 

11.4/7.9 

8.60. 

9.9 

10.8 

10.7^^.59 1 

10.4 

11.9 

11.8 

7y8.1 


49.37 

42.3/43.1 

41.9 

45.6 

51.1 

43.2/45,2 
A9A 
43.5 
46.4 

40.6/382 


. 35.6 
36/38.4 

36 

35.5 

38/37 

35.6 ' 

35.9 

36 

36.00 


353 (19.3) 
439(24) 
281.7 (15.4) 
BYPASSED 
283^ (15.5) 
742.6 (40.6) 
347.5 (19) 
3292 (16) 
354.8 (19.4) 
329.2 (^B) 


^^I^^i? ^ enaction units In series were usod U>L>\v 
iraOons of each solubon used In the jet extractors Is Ghom, InZ^ZfS^ 


rtlon used for sanpies A-J. SaopJes 
he condil'K>nfng solution. The concen- 
tedbyaslash (/). 



SAMPLE 



%OMAc 



TABLE lb 
DRAWING 



%H20 



44 

30.3 
45 
37 



ROLL 2 lUPH 
(FPM) 



1496(81.8} 
1975(108.0) 
1496 (81.8) 
997(54.5) 
1163(63.6) 
1496(61.8) 
BYPASSED 
1496 (81.8) 
1496(81.8) 
1496 (81.8) 



TOTAL DRAW 



4.54 
4.50 
5.31 
4.54 
4.45 
2.01 

4.56 
4.52 
4.54 



I TABLE to qImu — — " f I ^ 4 

(solution, hi;;; lanyei^ dala feted 

■nowaie6rgointenipeia<ijr» which was appradrmtely 20 "C. 
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10 



IS 



so 



TABLE II 



SAMPLE 


PHYSICAL PROPERTIES 


' %ELONG 


MODULUS dN^-EX 

toptf) 


TF 




UE^rrCX PER FILA- 
MENT (dpi) 


TENACITY dN/TEX 








A 
B 
C 
D 
E 
F 

G 

H 

1 

J 


2.2 (2.0) 
2.2 (2.0) 
30.4(27.6) 
0.6 (0.5) 
2.2 (2.0) 
2.1 (1.9) 
2.3(2.1) 

2.1 (1,90) 

2.2 (2.0) 


5.18 (5.67) 
5.22 (5.91) 
6.59 (7.46) 
3.20 (3.62) 
4.97 (5.63) 
2.03 (2.36) 
3.84 (4.35) 
4.12 (4.67) 
4.55(5.15) 
4.29 (4.86) 


25.7 

26.4 

16.3 

19 

30.4 

81.7 

13.9 

16.4 

20.S 

264 


50.3 (102.2) 
98i) (111.0) 
140.3 (158.7) 
66.2 (97.6) 

84.4 (95.6) 
37.3(42.2) 
98,7 (111^) 
101.3(114,7) 
107.6(121.9) 
84.3 (95.5) . 


29.78 

30^ 

30.11 

15.78 

31.07 

21.33 

16.21 

18.88 

23.18 

24.95 


M snows me fiber physical properties developed in camples A-J in 
repoaetJ as a percent; TF fe the toughness feaor. 


the IMa. ELONGmeene 


elongation 



30 



6altc»meritofthepQiymer«jinningBoIutionwas«ar^ wcnoep m fcxanpie 1 ^ojepl the 



40 



SO 



%CaCl2in 
spin dope 


WMDraw 
ftatfo 


dtex/f 


T 


E 


Modulus 


TF 


3 

4.5 

6 

9 


4.S)C 
4.5X 
4.SX 
4.S)C 


2.2(2.0) 
2.1(1.9) 
2.2(2.0) 
2.2(2.0) 


2.7(3.1) 
3.7(4.2) 
4.4(5.0) 
4.4(5.0) 


8.8 

12.5 
17.5 
2S.3 


101(114) 
1 16(131) 
114(129) 
91(103) 


9«3 
14.7 
21.4 
26.4 


Ih^aTC «e effect Of the salt content o* the spinning solution on the phya 
TF feJS^^^^^^ T:"^ns Tenacity, Estandsforekyngationandisra^ 
I^^^T^' ^ properties having unrts Si units are given (for Smplc 
5>onding English unftB value shown in parenthesis, (gpd). 


1 

cal pioperb'es thai are developed 
)S percent; M stands for modulus. 
^ dWTEX) followed by the corre- 



EXAMPI-C y 



» The following example inuetrates t^Qt except for develoclno fi^ nhuft^^i ^^^^ u.^ 
formance industrial uses, the presem nroSomdu^ 

step The fiber wa. ^pu^ concStiSS SS^ST^^ ^ ^ ^^"9 

hot stretch, neither was mere any dia^cSS^jI™ ^"^^ ^ ^ 

Table IV shouiR nhu«i«r.3l3^r^ Ofmeniamems after they past rofl 2 as Olusirated in Figu'e4 
Table fV Shows phys«al jp^rte^ de^ed when the fiber made according to the preseSILrtion was sut^ 



10 
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iected to a single wet draw step and then dried at 125-C then crystalB^ed. 



10 



so 



TABLE IV 



2.1 (2.4) 
2.5 (2.8) 
2.8 0.2) 
3.6(4.1) 
4.5(5.1) 

5.2 (5.9) 
5.9(6.7) 
B.2 (7.0) 

Tenacity, Eetendetereto5nSS.8XSreJ?.^!S^M^^^ ^ In the T m«in» 

erliee having unite 81 umKTfliZ S^^ird^rtl^l^S;"^^ Z ^ "^"^^ 
inparenlha$is(gpd). *>>'*e corresponding Engflsh unite vakwahow 




«.lo inihe hotstretch rangedfrom 1.ioto^S!?4,^!S 



JJ*etaMdiBwi«ia wftichistbeprodcictofthewetand dry draw 



ratios, 



TABLE V 



SAMPLE 


Draw Ratio 
WM/HotOotal 


dN/tex 


9 


2,00/2.27/4.54 


2.08 


10 


2.5G/1 .82/4.54 


2.03 


11 


3.00/1.51/4.54 


2.01 


12 


3.90/1 .30/4.54 


2.03 


13 


4,00/1.14/4.54 


2.04 


14 


4.54/1.00/4.54 


2.04 


15 


4.54/1.10/4.99 


2.03 



3.1 {3.S) 
3.4 (3.8) 
4.0 (4.5) 
4.4(5.0) 
5.0 (5.7) 

5.2 (5.9) 
5.7 (aS) 



20.2 
17.3 
21. S 
23.3 
24.4 
26.9 
22.2 



Modulus 



79(00) 
85(97) 
87(99) 
95(108) 
101 (114) 
100 (113) 
110(125) 



TF 



15.9 
15.9 
21.0 
24.2 
28.3 
30.6 
30.6 



toughness factor; for prtverties havln^^ffts Lun^^^^^^ 1 ^ *^ n«<J"h«. TF Is 

English units value ^T^S^Sr^ ''"^ ''^^ ^ the co^espondirS 



EKAMPi f fi 
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of which was DMAc, was extruded thrauoh a minnaM* . ^ 

weight 20.4% DMAc. 40.8% Ca Cb anti^SJiS, "t^!** Coagulahon bath. The coagulation bath contained by 

a conditioning solution of thrttlSJ5S.^1^r4^T/'D.^^ V^c;^^'!^J"^'°'^ 
filament was contacted by this solution T^e torK*,«e«7 « ' ^ ^ wa««r such that each 
5 were d^wable wHhout dW^llt^SeifSilTc^ Sl^t^^ 

OMAc in water at a ratio of 4.31 . After ZJ^^^J^^^,^ *f * accompfished in a solution of 20% 
crystaJlrzed at 405-C. but without any slre3" Tha«fL^!^^Lr*tL^*'*^« ^^O-C. l>«elibe^ 
<«*.ex (S.35 gpd): elongatton. ^S l^^SSu^s wTrSfS?^ 

Pbr comparison the same sninryrv. «„i.hi„» "^"^ (W-B gpd) with a toughness factor. (TF) of 28.9. 

•ions Of fhepresent invention With those taught in fSS7h?^lSr?hL^L^T"*" *^ 
was by weight 20.e%DlviAc. 41 7% Ca ct^Z 56-6W4). The composition of the first coagulation solution 

eolution t^er bundlS^s J^S^^ii^S;^^ 

Wtan solution was applied in the place ^ foagulatwn solution atge'C). Hiis secondcoagu- 

the present p«ess.'?rconSo,S^rJirsSS^ 

condnue to cause solvent tolLrSifila^^cSJ^^^ lorry^ as taught In Sho S6-S844 to 
concentrations taught In the pubOcaL SSTL^.^^^nS^^^'^'""^^ ^ '''fh end of fhesoVert 
Smdient causing greater concentrated ^ ^^^TJ^rr^rr"^ an even highe r concentration 

lion was ao.4% DMAo. 6.5% Ca CI, and W i?^r/S^J^I«f ' this second coagulation solu- 

« <rf^P««tionc»thecondltioningsouS^S*1^r^^^^ 

centrations of solutions as tau^rt in the SKTISS^^* STTj '"^^^ '"^ combination andS.n, 
fiber tension was high and the Hame^Jl^y^^^T^ ^ ^ *^ '''^ Present Invention. The 

«^to«»^l. Thus.LlSrci2?;StXS^^ 

imnadlately fbllmred the conditionirMSSTl^r^^^ fj?*- P'f^"' Tf**"" ««b fully drawn in a single step that 

••"^anical properties prS^X^^^^ 
in90ffa»rbydry.^'S^!X^aSil2^ 

30 EXAMPLC y 

(manutactured by Stockhausen t^TaZ^T^^.^^ ^ ® o» the aryl ether canter Cindye G-JS 
make the solutio?, sidy^tSe STe^ST^"'" ™ '""^ GL (basic red ^ dye to 

and heated lor the dye reaction to taKe^i?^ *^ can sothatthef4>er samples oouW be added to the dye solution 

Hmt ^I'^lSXETiil^thnSS^^^ were each Placed in a s^rate r,^ 

andheated.0 70^atarateof1.5oCpermS:'SX^^s&^ 

dye can was then raised at the r«o of 1 s»C to «. t<.«,^ ^ ^® minutes. The temperature of the 
dye can was then cooled riSSfo4^^ri^^^J5 

LFH sunsotam ( produced by OuS^B ^r^^^^^t T^-!^T^ *^ ^ of 0.5% by weight ftterpol® 
P^lure Of 85'C and heldX 30^;^^ 

tfme^d the fiber was removed from the «»i rJj^^^l^SlJS^^ """^ « 

as f b'^^r T^S^ifr^SLrSon:^ « colorlme,:^ a D-eS light soume and reported 

. an a' of 46.B and a 

2.6. The color diffarenoe in these two samoSX^ °* a' of 28.1 and a b* of ^ 

that the fiber Of the preserrt In^-S^vSS tra m^^.rc^ 

Acornparisonofthephy^rSp^SSJS^^th.^^^ 
icalp«varties:denler,2.^1^-teS^^^2?^ 

ulusof 49.8dl^6« (S6.4gpd) mTa^SlS^-SSi^^^^/-^ (4-78 gpd). elongation oi 

prefHament (2.03d!.!). aS2S?5r4?S^SSSSra^2J^of^^ 

ii,.u*: spo;. an elongation of 23.3%. a modulus of 05.2 dN/tex (107.8 



, 40 



45 



SO 



55 
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gpcf)andaTFof24,2, 
Ciarms 

encf th« conrnmraiion Gf the salt «6 IK^ MvT-i^ h ^ coagulaton solution 

maintained at a tetpemture o< from atjojao-to ' ^ ^ "** ^ «^ '*^«™'" coocMonino solution is 

(d) v«5hin91hefibw^wth v«te^^^^^ ^ 15% by weight of the dmwfng «rfu«on; 

(e) drying the n>«r. 

e. ■^•PWce8sofdaimiwl»erBinth.dwwraltoi»lwnaboul2.5to& 
» 7, Th»pTOo«iofdalm1wlw«lnttiedra!*r«itei8fiomaboi44i^ 



50 
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